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EXPERIENCE IN TUNING THE HIGH-FREQUENCY CHANNELS OF OVER-
HEAD TRUNK LINES UNDER SEVERE METEOROLOGICAL CONDITIONS

Vestnik svyazi [Communications Yu., D, Farber
Herald], No 12, December 1955,
Moscow, Pages 5-7

The causes of interruption of communications along high-frequency
channels of the V-12 system under severe meteorological conditions
ure analyzed and simple measures are proposed which permit a reduc-
tion in outages of trungh}ines caused by icing of wires.

One of the most pressing problems confronting long-distance communi-
cations technicians is the provision of uninterrupted communications
along high-frequency channels of overhead trunk lines under severe meteor-
ological conditions. Notwithstanding the fact that the length of interrup-
tion of communications due to ice formation has been considerably reduced
in recent years by the installation of VUS-12 equipment and the timely re-—
moval of precipitation from conductors, a further reduction in channel
outages is quite necessary. It should be pointed out that analysis of
communications operations under unfavorable meteorological conditions
is not performed systematically and in many cases the actual cause of
the interrupted operation remains unexplailned. Observations performed
by the Installation and Measurement Administration of the Mezhgorsvyaz'
stroy Trust in the process of tuning trunk lines show that the efficiency
of channels of the Vv-12 system may be increased by more expedient selec-
tion of certain parameters of the equipment. The results of these observa-
tions are presented below and simplb procedures for reducing operational
failures of trunk lines are re¢ommended.

Causes of Interruption of Communications Along Channels of the V-12 System

Observations have established that the appearance and gradual in-
crease in intensity of ice formation on conductors have the following

effects. The gain of the PV-12 stations gradually increases, causing

an increase in nolse; this is especially noticeable in channels in the
A-B direction. Whon the gain becomes sufficiently great, nonlinear cur-
rent transfers characteristic of overlioading of line amplifiers occur
and the needles of the current-monitoring indicators begin to fluctuate,
The flat regulators of the A-B direction at one or several PV-12 stations
proceed to the extreme (maximum) positions, after which the indicator
readings decrease and the zero signals of the monitor current of flat
regulation appear, With this the noise disturbance becomes extremely
great, but in most cases communications are maintained even though with
reduced quality. Further increase in losses over repeater sectiong causes
cessation of operation along the chs "21s in the A-B direction due to

the impossibility of distinguishing he speech signals from the noise
caused by interference and nonlinear current transfers.

As is known, inadequate difference between the signal level and
the noise level in a channel is due to the fact that the level of the
signals at the input of one or several repeaters is below the minimum
permissible value. If it is assumed that the total noise power in the
channel is the sum of the noise originating in the individual repeater
sections, thon, neglecting the noise originating in those sections in
which at the given moment there is no intensive formation of ice,
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Pip = AP + Pp + 0.5 1n n, (1)
where p is the minimum permissible value of the msasuring level at the
inputs of the repeaters, Ap is the minimum difference of the signal lavel
and the noise level of the channel at which operation is not disturbed, Pn
is the level of the noise introduced by andpenetrating to the end of a given
repeater section within the bandwidth of a single channel of the V-12 sys-
tem, and n is the number of repeater sections in which at the given moment
ice farmation is intensive,.

Normal ope}-tioh of the system, including opqi.fion of the ARU [auto-
matic gain control] units, will be insured if lttonuation inr the repeater

section does not exceed

b = Pore-out ~ Pin = Ppre-out -Ap - Py - 0.5 1inn (2)
(where pyre-out 18 tho measurement level at the output of the preceding
repeater) and if the gain of the given repeater ia Outficiont to provide
a normal value for measured output. . '

. ¢
If the section losses exceed the value determined by formuls (2), or
even if the attenustion does not reach this value and cannot be compensated
due to inadequate gain of -<he intermediate repsaterys, channel cperaticn
coaases., Moreover, overloading of the repeaters may {nterrupt operation,
which is discussed below. ;

The greater the maximum por.issiblo section 10‘,.' as doterntnod by
formula (2), the shorter the duration of the chlnnoz outages csused by the
first of the above cauess, Analysis of the valuesg’ .ntoring into the right-
hand member of this formula shows that it is not pa‘ltble to increase the
maxizmum permissible section losses without subsatantiasl alteration of equip-
ment and without the adoption of special measures Qgr supp-;’aion of noise
(decreasing Ap and pn) The duration of outages dué to the second and third
causes can and must be shortened by increasing the gain of the intermediate
repeaters and eliminating the factors causing overlqlding of the repeaters,

.\.‘

It is necessary to point out that dotorninnt!on of the maximum permis-
: sible section losse_ is made difficuit by fthe lack- of exhaustive data on
the quantities enter:ag the right-h.nd member of qu.uln (3). Measuirements
performed by Engineer M. I. Rczovskaya show that {n different trunk lines
these quantities have different values varying with time and:varying over
a rather wide range with changes in meteorological ¢onditions,

1f, as is usually done in designing, it is samgfymed thatAp = 3.6 nepers
(which corresponds to & noise voltage of 7.3 mv At ‘@ point with a reference
level of -0.8 neper), p, = ~9.4 nepers, and n = 3 .(the most intense icing
usually occurs over a section about 400 kn long), then the maximum permis-.
Bible section losses of a trunk line equipped only with PV-12 repeaters
is 7 nepers. The maximum-gain frequency characterigtic of these repesters
for currents transmitted im the A-B direction is & atraight line commect-
ing the points corresponding to 5 nepers at a frequency of 92 kc and 9
nepoers at & frequency of 143 ko, For currente trangmitted in the B-A
direction the maximum gain of the PV-12 repeater im 5.3 nepers,

The maximum gain of PY-12 repeaters exceeds 7 nepers only for currents
of & frequency greater than 118 kc. Consequsntly channels raploying currents
of a frequency less than 118 kc will be inoperative due tc insufficient gain
cf the PV-12 repeaters .n those cases and on those sections where the
above assumed initial aata apply.
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The inadequate gain of PV-~12 repeaters is of ¢rontest significance for u:
currents with a frequency of 82 kc. This also explains the cases of celi‘; = }'
tion of the flat-regulation pilct current in the A-B direction at moments
when operation of the cLannels is still undisturbed, For example, Figure
la gives the disgram of the measurement levels of & current with a. frequency
of 99 kc {(the side frequency of channel 1l1), explaining the causes of in-
terruption of operation on channel 11, The dotted line in this figure in-
dicates the change in the levels in the case where for currents with a fre-
quency of 99 ka the gain ot the PV-iz repeaters is increased by 0,9 neper;
in this case chlnnol opornt&ou is undisturbed.

If VUS-12 repeaters are located on the trunk line, maximum attenuation
along sections following these repeaters will be 1.5 aepers less than the
previously found value, But, in order to insure normal operation of the
system (including operation of the ARU units) it is necessary that the
PV-12 repeaters following these sections boost the output measucement
level to the initial value of 2 nepers. For this purpose the condition
8 =b + 1.5 nepers must be fulfilled; hence, the gain requiremonts of
the PV-12 repeaters remain unchanged.

Under unfavorable meteorological conditions the output levels of the
flat-regulation pilot current in the A-B direction will be lowered due to
the inadequate gain of the PV-12 repeaters for currents with a frequency
of 92 kc, with the result that operation of the ARU units will be disturbed.
The current levels of the side frequsncies (below 118 kc) will also be
lovared, with the result that the signal levels at the input ends of the
succeeding VUS-12 repeaters will be intolerably low. In the case of un-
favorable Jdistribution of Bection losses the inadequate gain of the PV-12
repeators will cause interruption of channel operation. For example, -
Figure 1lb shows the diagram of the current level of the side frequency
of channel 11 measured on one of the trunk lines after communications
along this channel had been interrupted. The dotted line in' this figure
shows that as a result of an increase in the gain of the PV-12 repeaters
for currents of this particular frequency disturbance ot communications
was avoided. . .

-

The causes of repeater overloads observed during unfavorable meteoro-
logical conditions may be explained by an analysis of the results of meas-
urements performed by Engineer V. A. Ravvey. It was established from these
measurements that in the case of severe mweteorological conditions the fre-
quency characteristic of the circuit losses for currents with a frequency
of 92-142 kc departs from & straight line (curve 1 in Figure 2). Since
the gain of the PV-12 repeaters is determined by the losses of the monitor
currents of 92 and 143 kc in the preceding sections and the frequency

- characteristic of the gain of these repeaters is linear (curve 2 in Figure
2), for.currents of the middle charnels. the gain of the repeaters exceeds
the necessary value, According to A. V. Ravvey's data the indicated ex-
cess of gain amounts to 0.05-0,1 neper for each sectio# included within
the intensive icing sector and, gradually increasing, reaches 0.7 neper
at the end of the trunk line, which also conduces to overloading of the
repeaters and interrupts channel operation.

It 18 aevident thaf in order to decrease the number and duration of
outages of channels of the V-12 system under unfavorable meteorological
conditions it 18 necessary to increase the gain of the PV-12 repeaters
for currents of 92-118 ke (it is also advisable to consider increasing
the gain for currents of 36-~84 kc) and to eliminate the possibility of n
repeater overloads due to dlsparity between the frequency characte!&ﬂtig&gﬁ‘
of the repeaters and the section losses, The above considerations must” be
kept in mind both for the operatiou of trunk lines and for the production
of v-12 equipmant
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Recommendations for V-12 Svstems under Operating Conditions

The workers of the Inatallation and Messuremént Administration have
developed the following measures for increasing the efficiency of v-12
systems in operation.

The specified slope of the frequency characteristic of the repeater
filter connected to the PV-12 units within the negative feedback loop of
the line amplifier in the A-B direction and consisting of inductance L
and capacitance Cop 18 changed by a resistor with a value of approximately
4.3 kilohms. (See collected articles in Tekhnika svyazi., 12-kanal'naya
sistema vysokochastotnogo telefonirovaniya po vozdushnym liniyam svyazi
tipa V-12) [Communications Engineering. 12-Channe] 8ystem of High-Fre-
quency Telephony on Open-Wire Communications Lines (Type V-12)], Svyaz'

. izdat, Moscow, 1952, page 95.) While the gain of the repeater remains
unchanged for currents of 143 kc, it increases by 1.1 nepers for currents
of 92 kc and amounts to 6.1 nepers for the currents of all the rsmaining
transmitted frequencies. The gain of the Pv-lz repeater increases cor-
respondingly. In this case the frequency characteristic of the maximum
gain of the repeater has the form of a straight line joining the points
corresponding to 9 nepers at a frequency of 143 kc and 6.1 nepers at a
frequency of 92 kc. When the slope control is set at the fifteenth divis-
ion the repeater, gain for the 92-kc currents becomes greater than for
the 143-kc currents. As a result thure is considgoxably less need for
additional flat regulation in the given direction q: transmission.

In parallel with R at the PV-12 repeaters ip the cathode circuit of
the f{irst tube of the line amplifier in direction A-B .there is connacted
a filter consisting of a series-connected coil, capscitor, and resistor.
The capacitence and inductance ar2 so chosen that voltage resonance occurs
in the filter at 143-146 kc. The resistance is so_chosen that upon con-
necting the tuned circuit to resistor R; the repeater gain for the 143-
kc currents is increased by 0.l neper, remaining practically unchanged
for currents with a frequency less than 13% and more than 153 ke (the
given results were obtained with L = 4 millihenrigs, C = 300 micromicro- ¥
farads, and R = 390 ohms). In operation on a trunk line the frequency
characteristic for the gair. of a repeater equipped with the described
filter has the form of curve 3 in Figure 2. As is eeen from the figure,
the repeater gain for currents of certain frequencies of the transmitted
band is inadequate (by several hundredths of a neper), but nevertheless
the possibility of overloading of the repeater 1is completely excluded.

On those trunk lines where severe meteoroloﬂ!cal eonditions threaten
to interrupt operation in the B-A direction as v‘!I the gain of the
PV-12 repeators for the currents transmitted in this direction may be
increased by de-~ reabi the negative feedback in the line awmplifier and
in the flat-regulation wmplifier. If in the negative~feedback circuit
of the line amplifisr in the B-A direction an additional 47-kilohm
registor is connected in series with Rog» then the gain of this ampli-
fier as well as the miximum gain of the PV-12 reposter for 36-84-kc
‘currents increases by 1 neper. When the sectionalized resistor R4
in the flat-regulation amplificr was. counected so that tho feedbeck
currents flowed through a 100-ohm resistanco,. -the gain of the repeater
was further increased by 0.7 neper.:

Tt must be pointed out that the incroase in gair of the PV-12 re-
peaters gives rise to a corr‘sponding decrease in uttenuation along the
loop formed by the repeaterc;in both directions of transmission. Since
under severe meteorological gonditions the channels operate with a
reduction in quality (U, . ;4 = 7.3 mv at a.point with a reference level
of -0.8 neper), it may be considered that the decreese in loop attenuation
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arising from the increased gain in one of the directions of transmission
will be negligible. Where loop attenuation must be increased it is necessary
to connect a tuned circuit with a resonant frequency of 86 k¢ in parallel
with the transmission circuit in the B-A direction or s similar tuned cir-
cuit with a resonant frequency of 83 kc in parallel with the transmission
circuit in the A-B direction, Connection of each of these tuned circuits
without changing the charactoristics of the transmission circuits for cur-
rents transmitted in the given direction increases the loop attenuation

at the resonant frequency of the tuned circuit by not less than 0.7 neper.

All of the described measures are necessary only under severe mateoro-
logical conditions, Hence it is advisable to fasten the additional elements
by means of U-~shaped straps. It is recommended that the resistors increas-
ing repeater gain for 92-kc currents and the tuned circuits increasing
repeater gain for 143-kc¢ currents he connected and dicconnected simultan-
eously with connection and disconnection of the amplifier equipment of
the VUS-12 repeaters in the A-B direction. The resistors increasing re-
peater gain in the B-A direction and the tuned circuits increasing loop
attenuation need be connected only ia those cases where, upon connecting
the smplifier equipment for the B-A direction at the VUS-12 repeaters, the
gain of the PV-12 repeaters for 80-kc currents is inadequate, It is neces-
sary to connect the above elements at the first signs of decreased in-
tensity of ice formation on the conductors,

-
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